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[ INTRODUCTION

A commen pulpal response te mechanical injury
(cavity preparation), bacterial invasion, or bacteri
al products{dental caries and dental plague) is
characterized by the influx of leukocytes to the
affected sites™®. The consequence of this leukocyte
infiltration depends on the degree of the external
insults, which may be the function of the tissue,
damage the cells, or In the most extremes sitnation,
lead to total necrosis. The types of inflammatory
pulpal conditicns that are seen in respense to

external stimuli at cellular levels have been well
described in earlier studies®.

Neutrophils are the most predeminant cell popu
laticn that migrates intoe inflammatory lesions.
Begides their protective role, they are invelved in
tissue damage under patheological conditions
because of thelr high contents In nentral and acld
proteases and their ability to generate supercxide
and other reactive oxvgen derivatives. Circulating
neutrephils are guisscent, and most of them are
eliminated from the circulation without ever engag
ing in functional activity. Upen inflammation neu

408



CHERAIBHE S (] v, 26 No § 2008

trophils are recruited inte affected tissue through a
process of multiples activation events that eventual
lv lead to the release of antimicrobial and inflam
matory products.

Neutrophil recruitment depends on chemotactic
agonigts that are synthesized and released at the
gite of inflammaticn: eg., in a pericdontal lesion.
Chemectactic agonists may be derived from the host
or from Infecting microorganisms.

The recent discovery of a family of mediators
called chemekines, which play a pivotal role in
regulating inflammatery reactions, has provided
an ingight into the mclecular mechanisms under
lving the kineticz of inflammation. However, the
characterization of chemokine expressicn in the
pulp during inflammation and infection has been
sparse”.

Interlenkin 3(IL 8) was originally described as
a T2 amino acid peptide produced by human
peripheral bleed monccytes stimulated in culturs
with E.coll lipopolysaccharide”. IL 8 is a member
of the chemckine C X C subfamily that displays
potent chmotactic activities for human neun
trophils and T lymphocytes®”. In addition to
chemotaxis, IL 8 induces neutrophil degranula
tion, resulting in the release of enzymes that
cause tissue destruction”.

The activity of IL & iz not confined to neu
trophils. IL 8 stimulates neutrophils te transport
CD11/CD18 (LFA 1 or Mac) integrin from the
neutrophil cytoplasm to its cell surface®®. This
facilitates neutrophil migration into the tissue.
Neutrephil migration may be induced by a hapte
tactic gradient of IL 8 either on the endothelial cell
surface or in the extracellular matriz”. The release
of the mature protein and the expression of IL 8
mBENA was demonstrated in endothelial cells,
fibroblasts from different tissues, synovial cells,
chendrocytes, several types of epithelial cells, and
various tumor cells”. IL 8 can be induced by
Interlenkin 1«(IL 1¢), IL 16, and tumor necrosis
factor «(TNF @) in many different cells effectively”.

Dental pulp s a richly innervated tissue. The
genzory fibers terminate into the predentin layer of
the tooth, together with the fluid in the dentinal
tubules, rendering the tocth hypersensitive to irr
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tations from either caries or mechanical/chemical
treatments during dental procedures.

These biclogical or latrogenic Insults can cause
dental pain which iz largely due to the release of
mediaters in the pulp in response to the irritations.
Particularly, pain due tc pulpal hyperemia the first
gign of inflammation in pulp, is the result of dilata
tion of blood vessels leading to Increased tissue
pressure’”.

The richly innervated dental pulps centain nerve
fibers expressing substance P(SP) or calcitonin
gene related peptide(CGRPI™. When pulp is
directly injured such as pulp exposure, neurcpep
tide levels increase in the pulp and trigeminal gan

%19 The neuropeptides may be released upon

glia
stimulation from dental procedures or caries inva
glen®™, causing increaged vagodilatation and pulpal
bleod flow™. Subsequently, influx of inflammateory
cells from blood inte tissue ensues which process is
highly regulated. The local tigssue cells and
endothelial cells play a pivotal rele in this regula
tion'™. Interlenkin 8(IL 8), a potent neutrophil
chemeoattractant, 1s frequently expressed in
endothelial cells of inflamed pulps, while rarely
expressed in endethelial cells of normal pulps™.
This suggests the key regulatory rele of IL &
expressed by endothelial cells in contrelling the
influx of leukecytes into the pulp tissue.

SP or CGGRP indnces human corneal epithelial
cells to secrete IL 8, but doss not induce to secrete
monocyte chemoattractant protein 1(MCP 1) or
RANTES™®, SP or CGEP induces the synthesis of
IL 6, IL 8 and TNE 2 in bronchial epithelial
cells®™, and upregulates IL 8 RA mRNA in dermal
fibroblasts and keratinocytes™. SP induces IL 8
production by cstecarthritis fibreblasts, while
CGRP increases IL 8 and IL 6 secretion from
rheumatoid arthritis fibroblasts™ .

Meurggenic inflamnmation has been recognized to
play an important rele in initiating and sustaining
of pulp inflammatien®. The pulpal innervation
may modulate several agpects of the inflammatory
response via secretiom of neurcpeptides. In this
present study, these neurcpeptides that may be
questioned about roles in recruiting leukocyies by
inducing the release of the chemokine IL 8 in the
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pulp during inflammation were tested. The
response of human pulp cells in releasing IL 8
after the stimulation with SP and/or CGRP were
investigated.

I.MATERIALS AND METHQODS
1. Sample collection and Cell culture

Freghly extracted, intact, caries free third molars
were obtained from the patients(15-25 years old)
in the Department of Oral Surgery at the UCLA
Schoeol of Dentistry accoerding to a protocol
approved by the UCLA Medical Ingtituticonal
Eeview Beoard. Immediately after extraction, testh
were stored in phosphate buffered saline(PBS) and
transferred to the laboratory. Under water coclant,
each tooth was grooved longitudinally with a fis
gure bur at high speed. The tooth was then split
with the driver, and the entire pulp(coronal and
radicular) elevated with cotton pliers, maxzimum
pulpal tissue was obtalned. Some samples were
divided inte several small fragments approximately
22 mm in size each.

Eepeated washing with FES, pulp fragments
were placed in a 60 mm coulture dish containing
Dualbecco s Modified Eagle Medium(DMEM: Life
Technelogies/GIBCO BRL, Gaithersburg, MD) sup
plemented with 10% fetal bovine serum(FES).
Pulp cells from pulp fragments were grown to con
fluence and passed at 1:2 ratic until used for
experiments(passages 3 8 were used). ECV 304
cells(a human endothelial cell line obtained from
Dr. H. Shau, UCLA, Los Angeles, CA) were grown
in RPMI 1640(Life Technologies/GIBCO BRL,
(Galthersburg, MD) with 10% FES. Cell culture
media were supplemented with 100 units/ml peni
cillin G, 100 #g/ml streptomyein, and 0.25 #g/ml
fungizone (Gemini Bie Products, Inc., Weoodland,
CA).

Some samples were divided in half, the 2 halves
being stored separately under different conditions
according to the analysis used(ELISA or immune
cytochemistry). Samples for the ELISA were placed
in a microcentrifuge tube containing 0.2 ml of

phosphate buffered saline gelution(PES).
2. Stimulation of cells with neuropeptides

Synthetic human SP, Spantide(SP receptor
antagonist) I and ¢ CGRP(Sigma, St. Louls, MQ)
were prepared in sterile water with 0.1% low
endotoxin bovine serum albumin(BSA, Sigma).
Cells were geeded in 48 or 96 well plates and
grown to confluence before used for experiment.
Alpha minimal esgential medinm containing L gln
tamine(Life Technelogles/GIBCO BRL, Gaithers
burg, MD) with 1% FBES was used 24 h before cells
were stimulated with neuropeptiedes.

This low gernm medium was used to decrease
the base line level of IL 8 secretion from these
cells. Baged on the preliminary experiments, the
gerum induced significant levels of IL & and
MCP 1 from pulp and ECV 304 cells which inter
fered with the induction effect of SP. Varving dos
es of the neuropeptides or 0.1% BSA(Mock stimu
lation) were added to the cell cultures.
Recombinant human (rh) TNF ¢(R&D Systems,
Minneaplis, MN), a known IL 8 and MCP 1 ago
nist, was uged ag a pesitive contrel for IL 8 and
MCP 1 induction.

3. Stimulation of cells with SF in the course of
time

To determine the kinetics of IL & and MCP 1
induction by SP, 24 h studies in the time course
were performed in which the supernatant was ool
lected and fresh medium added at every 4 h inter
val. IL & induction by either only the first 4 h of
SF stimulation or continuoug presgence of SP
throughout the 24 h study peried were tested. In
order to detect increased IL 8 at each time point(4
h interval), a high concentration of SP{10* M) was
uged.

4. Enzyme-Linked Immunosorbent Assay
(ELISA) for IL-8 and MCP-1

As previously described®, optimal concentrations
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of pelyclenal goat anti human IL 8 antibodies
(R&D Systems, Minneaplis, MN) and monoclonal
antl human MCP 1 antibodies(R&D System,
Minneapelis, MN) were used as capturing antibed
ies, polyclonal rabbit anti human IL 8 antibodies
(Endegen Inc., Cambridge, MA) and pelyclenal
rabbit anti human MCP 1 antibodies(Cell Science,
Inc. Norwood, MA) as detecting antibodies, and
horseradish peroxidase (HRPO) labeled pelvclonal
goat antl rabbit immuncglobulin G (Bioscurce
International, Camarille, CAJ) as a second step
antibedy. Bound HEPO was visunalized with fresh
developing buffer containing substrate of optimal
concentrations of 3, &, 5, 5 Tetramethylbenzidine
(Sigma), HeO2 and sodium acetate, pH 6.0. The
developing reaction was stopped with the addition
of 1.2 M sulfuric acld. Absorbance was determined
at 450 nm with a microplate reader(Bio Tek
Instrument, Inc., Laguna Hills, CA) and concen
trations were determined by the Delta Seft I soft
ware(Bio Tek Instrument, Inc.). Purified rh IL
8(Endogen Inc., Cambridge, Ma) and purified rh
MCP 1(R&D System, Minneapelis, MN) of known
concentration was used to establish a standard
curve for determining cencentrations of the experi
mental samples.

TR

Fig. 1. Dose response of IL-8 secretion in human pulp
cells stimulated with sp.
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[I. RESULTS
1. Stimulation of cells with neuropeptides

The dose response studies pregented in Fig. 1
show that, comparing te Mock stimulation, IL 8
secretion started to increase when SP oconcentra
tion was higher than 10 M. There was 3.8 fold
increase at 10° M of SP stimulation(t test, p¢
0.05) and more increase(13.8 fold) was observed
when 10* M of SP was used. However, no or mini
mal increage of IL 8 production with CGRP(up to
10 M) stimulation was observed(statistically
insignificant, data not shown). To determine the
specificity of this IL 8 induction by SF, an antagc
nist{Spantide [) to SP receptor NK 1 was uti
lized. In the presence of Spantide(10° to 10° M),
IL 8 induction by SP(10°® M) was inhibited, indi
cating the specificity of this inductien(Fig. 2). This
alse suggests that the main SP receptor on the cul
tured pulp cells appears to be NK 1.

Since endethelial cells play a major role in regu
lating local inflammation, whether SP can induce
endothelial cells to secrete IL 8 was tested. The
igolation of human pulpal endethelial cells has not
been reported. Therefore, an endothelial cell line
from the human umbilical vein was uged for the

i by wd,
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Fig. 2. TL-8 secretion from the pulp cells following SP
stimulation.



The effert of Substance P on the scoretin of Interiowon-8 and MOP (Monoode Chemosttractant Protein)-1 from the Human Demial Pulp Calls

study. As shown in Fig. 3, IL 8 was only mildly
induced in ECV304 cells at a high concentration of
SP(10* M). The NK 1 receptor antagonist also
inhibited SP stimulation of IL 8 in these cells as in
pulp cells.

Altheugh CGEF alone did not significantly induce
IL 8, it may synergistically enhance the IL 8
induction capacity of SP. To test this possibility,
high concentrations of both neuropeptides(10° M)
were used.

The results shown In Fig. 4 and Fig. 5 suggest
that SF plug CGEP did net further induce, but
appear to reduce IL 8 secrstion from pulp cells or
ECV 304 cells compared with SP alone. This indi
cates that there is no synergistic effect on IL 8

Hobapmss o

Fig. 3. IL-8 secretion from ECV 304 cells in responge
to SF stimulation.

it -Bipreordi

Fig. 5. BLISA detection of IL-8 from BECV 304 cells
stimulated with SF, CGREP, or SP+CGEP.

inducticn by SP plus CGRP.

After IL 8 ELISA, the supernatant was stored at
80T for MCP 1 ELISA. Dose experimental studies
showed MCP 1 secretion was 2 fold higher at 10*
M of SP stimulation(One way ANOVA test, p<
{.05) comparing to Mock stimulatien(Data not
shown). Fig. 6 shows that MCP 1 was only mildly
induced in pulp cells at 10° M of SP, CGRP alone
did not significantly induce MCP 1, and CGRP
plus SP induction was not significantly higher than
Mack stimulation. At the concentration of
Spantide(10°® M), the NK 1 receptor antagonist
also inhibited SP(10° M) stimulation of MCP 1 in
the pulp cells. As shown in Fig. 7, MCP 1 wag only
mildly induced in ECV 304 cells at a high concen
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Fig. 4. BELISA detection of IL-8 from the pulp cells
stimulated with 5P, CGRP, or SP+CGRE.

LWOF. L iparats

Fig. 6. MCP-1 secretion from the pulp cells n response
to SF stimulation.
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tration of SP(10° M), CGRP(10° M) compared
with Mock, and SP plus CGRP(both 10° M) in
ECV 304 cells mildly induced MCP 1 compared
with SP(10° M) or CGRP(10® M). This indicates
that there is no significant synergistic effect on
MCP 1 induction by SP plug CGRP. In the pres
ence of Spantide(10" M), MCP 1 induction by SP
(10° M) was inhibited (Fig. 7).

T g grsle
*

Fig. 7. MCP-1 secretion from ECV304 cells in response
to SP stimulation.

2. Stimulation of cells in the course of time

When pulp cells were stimulated with SP during
the first 4 h, IL 8 secretion increased after 4 h and
reached the maxzimal level at 8 h, fellowed by
decreasing down to only slightly higher than the
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base line level after 12 h. When SP was present
during the entire course, l.e., fresh medinm con
taining SP was added at every time point after cel
lection of the supernatant, IL 8 secretion reached
the maximal level at 8 h and appeared to remain
at the level during the subsequent pericds of the
study(Fig. 8A).

After IL 8 ELISA test, the supernatant was kept
at 30T for the further MCP 1 ELISA. As shown
in Fig. 8B, there was no MCP 1 induction from the
pulp cells with SP(10* M) after the first 4 h and
reached the maximal level at & h, foellowed by
decreasing down to only slightly higher than the
bage line level after 12 h. When SP was present
during the entire course, MCP 1 secretion reached
the maximal level at 8 to 12 h, and decreased
dewn te only slightly higher than the bage line lev
el after 16 h.

The studies in the course of time for ECV304
cells showed that no or minimal induction wasg
detected throughout the 24 h peried when SP was
only present in the first 4 h of incubation(Fig. 94).
This was not surprising since IL 8 induction was
very weak based on the studies shown in Fig. 3 in
which there was a 12 h accumulation of IL 8.
Therefore, 2 4 h interval would have little accumu
lation of IL 8 to detect. Nonetheless, when SP was
continuously present in the cell culture, moderate
IL 8 induction was detected.

AT
5w
(]

:
ELT

“i !

:

\

nEE Y
L

(R E

Fig. 8. TL-8(A) and MCP-1(E) secretion from pulp cells following SP(10* M) stimulation in the cowrse of time.
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Faoemds rane

Fig. 9. TL-8 secretion from BECV 304 cells following SP10° M) stimulationla) and MCP-1 secretion from ECV 304 cells
following SP(10* and 10°® M) stimulation(B) in the course of time.

EBecanse studies in the course of time for ECV
304 cells showed minimal IL 8 induction, in order
to detect increaged MCP 1, only tweo different con
centrations of SP(10* and 10° M) were used by
first 4 h stimulation. In the result of Fig. 9B, 10*
M of SP increased MCP 1 secretion than 10° M of
SP within 4 h, and 10° M of SP increased up
MCP 1 secretion higher than 10° M of SP by 8 h
showing maximal level of MCP 1 secretion at 12 h,
followed by decreasing down to the base line level
at 24 h.

[y. DISCUSSION

These demenstrated data that human pulp cells
srown out of the dental pulp fragments increased
the secretion of IL & in response to SP stimulation
suggest a more direct role of SP In initiation of
inflammatory cell infiltration in dental pulp. The
failure of CGRP to induce significant IL & corre
lates with the concept that generally SP upregu
lates immune and inflammatory response, whereas
CGRP inhibits these responses™. It may be related
with the results that pulpal levels of CGEFP wers
higher than SP**. Apparently, CGRP does not
participate in the initiation of inflammatory infil
traticn in the pulp. In additien, SP plus CGEP
seem to have no synergistic effect on IL & induc
tion in pulp cells.

While the concentrations of SP needed to obtain
statistically significant IL 8 induction in pulp cells

under the experimental settings were between 10°
and 10* M, induction was chgerved at lower con
centration of SP{I0® M) stimulation. This sug
gests that in the inflamed pulp tissue where SP
concentration reaches approximately 10° to 10° M
(Hargreaves personal communication, 2002)*,
local pulp cells may be induced to secrete IL 8 by
the SP. In many cell system, ranges of 10° to 10° M of
oP concentration are needed to induce significant
cytokines production including IL 8 in vitre®®.
Based on these data, SP at 10°% M induced 1L 8
approximately 4 fold, suggesting that SP is a mod
erate IL & stimulater for pulp cells. The endothe
lial cells(ECV 304) utilized in these studies showed
only mild petential to increase the production of
IL 8 upon high concentration of SP(10* M) stimu
lation. If pulpal endothelial cells behave the sams
way as ECV 304 cells in terms of IL 8 response
with the stimulation of SP, it i3 unlikely that these
cells will produce this chemockine when SP is
releaged in the pulp. It remaing to be shown
whether pulpal endethelial cells In vive are sensi
tive to SP stimulation of IL 8 production. It should
be noted that IL 8 gecretion from pulp cells may be
internalized by the nearby endothelial cells and
eventually be presented on the luminal side of the
endothelial cells and interact with its receptor on
leukocytes in the blood stream™* .

Nerve fibers in the pulp asscciated with large
blood vessels, subodontoblast layer, between odon
toblasts, or the predentin and dentin contain SP™.
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Dental procedures which stimulate sensory
response may cause the local release of SP and
other mediators in the pulp. Based on these pre
gent findings, the localized pulp cells adjacent to
these sensory nerve fibers may express IL 8 in a
timely manner in regponge to the released SP from
the nerve fibers. These studiss In the course of
time ghow that IL 8 induction in pulp cells ccours
rapldly within 4 h upoen SP stimulation in consis
tent with the general feature of IL 8 induction
kinetics by other stimulP”. Monecyte chemoatirac
tant protein 1(MCP 1) was also tested to evaluate
whether it may be induced in pulp cells by SP
and/or CGRP.

The results indicated that nsither SP nor CGRP
induced MCP 1 significantly at physiclogical con
centration(10° to 10° M). Only mild to moderate
MCP 1 induction was observed at 10¢ M for both
neurcpeptides.

SP and CGRP increaged IL 18, IL 6, and TNFE ¢
from cultured lymphocyte In a concentration
dependent manner, and synergistically increased
basal TNF ¢ secretion at 107 M of SP and CGRP¥.
In this study, there were ne synergic effect for SP
and CGRP(10° M) to secrete IL 8 and MCP 1 on
the pulp cells.

Substance P receptor antagonist, Spantide(10°
M) decreased proline level compared with SP(10°
M) in rat bone marrow derived ostesgenic cells,
but there was no statistically significant differ
ence™. Spantide(10’ M) blocked the secretion of
IL 8 with the stimulation of SP{10° M) from the
pulp cells, and alge inhibited the secreticn of MCF
1 at 10% M of Spantide.

(Other proinflammatory cytokines produced during
inflammation alge regulate the production of neun
ropeptides in a positive feedback loop. SP increases
the secretion of IL I, TNEF 2, and IL 6 from
macrophages and mast cells®™. CGRF plays an
impertant rele in the healing respomse of pulpal
tissue after Injury™. Thus, upon the release of oth
er proinflammatery cyvtokines, 5P may be produced
by pulp cell persistently for an extensive amount of
time which may generate gignificant clinical symp
toms. In conclusion, the present study indicates
that SP induced the secretion of IL & and MCP 1
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in the dental pulp cells and endothelial cells(ECV
304 cells), and the secretion of neurcpeptide was
highest at 8 to 12 hr after the stimulation of SP in
the course of time. However, CGRP did not induce
the IL 8 and MCP 1 in the dental pulp cells.

Y. CONCLUSION

The purpose of the present study was to examine
the coordinate activity between neuropeptide and
cytokine, and their impeortant rcle in senging and
eliciting rapid immune respense to the external
irritations to the dental pulp. For the purpese, the
induction of the IL 8 and MCP 1 by the stimula
tion of neurcpeptide in the pulp cells and endothe
lial cells(ECV 304 cells) was done in the dose
dependent manner and in the courge of time. The
gpecificity in the dental pulp cells and endothelial
cellstECV304 cells) was measured using Spantide
(SP antagonist).

According to this study, the results were as fol
lows:

1. When SF concentration was higher than 10°% M,
IL 8 secretion from human dental pulp cells was
significantly increased comparing to mock stimu
lation(p<0.05). And IL 8 secretion from human
dental pulp cells at 10* M of SP was significant
ly higher than lewer concentration of SP(10°to
10° M)(p<0.05).

2. 8P(10° M) stimulation of the human dental
pulp cells to secrete IL 8 and MCP 1 was inhib
ited by Spantide(10° M).

3. When the human dental pulp cells were stimn
lated by CGRP(10* M), IL 8 secretion was not
increased, and synergistic induction of IL 8 with
SP(10° M) plus CGRP(10° M). There was no
synergistic induction of MCP 1 from human den
tal pulp cells with SP(10° M) plus CGRP(10°
M) comparing with SP(10° M) only.

4, There was only mild induction of IL & and MCP
1 in the endothelial cells(ECV 304 cells).

E. SP stimulation of endothelial cells(ECV 204
cells) to secrete IL 8 and MCP 1 was inhibited
by Spantide.

6. Pulp cells were stimulated with SP{10* M) at
every 4 hours during 24 hours in the course of
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time, and IL 8 secretion was measured, which
increased at 4 hours and reached the maximal
level at 8 hours(p<0.05), MCP 1 secretion was
maximum at 8 to 12 hours of SP stimulation(104
M.

These results suggest that SP played an impor
tant role of IL 8 and MCP 1 inductien from human
dental pulp cells, but CGRP did not induce any
gecretion. And SP may have positive relation with
the inflammmation of the human dental pulp cells.
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